Background. In the context of the increasing resistance to sulfadoxine-pyrimethamine (SP), we evaluated the efficacy of mefloquine (MQ) for intermittent preventive treatment during pregnancy (IPTp).
In areas where there is high transmission of malaria (mostly sub-Saharan Africa), malaria in pregnancy is responsible for maternal anemia and low birth weight (LBW) [1, 2] , the latter of which is an important risk factor for perinatal and infant death [3, 4] . pregnancy, regardless of whether women are infected. The efficacy of 2 doses of the recommended drug (sulfadoxine-pyrimethamine [SP] ) for IPTp, compared with placebo or chemoprophylaxis, has been demonstrated for the prevention of LBW [6, 7] , maternal anemia [6] [7] [8] [9] , and placental malaria infection [6-8, 10, 11] . However, the spread of parasite resistance to SP in sub-Saharan Africa raises important concerns about the use of SP for IPTp and makes evaluation of alternative antimalarials particularly urgent.
Mefloquine (MQ) is one of the most attractive options, because it is immediately available and has the appropriate properties for IPTp: a long half-life, safety, simplicity of administration, and low associated rates of resistance in sub-Saharan Africa [12, 13] . Although MQ proved to be efficacious in the prevention of LBW [2] and peripheral [2, 14] and placental malaria [2] when used as weekly prophylaxis (250 mg/week), it has never been evaluated for use as IPTp.
We report the results of what is, to our knowledge, the first randomized clinical trial to evaluate the efficacy of MQ for IPTp. This trial was conducted in Benin and was designed to establish the equivalence of 2 doses of SP IPTp and 2 doses of MQ IPTp for the prevention of LBW. Drugs were also compared in terms of safety (in particular, the risk of stillbirth) and tolerability, both of which might be a concern with MQ.
METHODS

Study site.
The trial was conducted from July 2005 through April 2008 in Ouidah, a semirural town in Benin that is located 40 km west of Cotonou. Perennial malaria transmission with seasonal peaks is mostly attributable to Plasmodium falciparum [15] . The average entomological inoculation rate was 5 infective bites per person per year in the neighboring area of Tori Bossito in 2007 (V. Corbel, personal communication) . In 2005, rates of SP and MQ resistance in vivo in children !5 years of age were estimated to be 50% and 2.5% by day 28 of treatment, respectively [16] . Since 2003, insecticide-treated bednets have been widely available in the area, and regular campaigns for re-treatment have occurred. The prevalence of HIV in the general population is ∼2% [17] .
The study was initially conducted in the 2 main maternity clinics, Kindji and the "Hô pital de Zone." Beginning in May 2006, to increase recruitment of subjects, a third center with comparable characteristics, Kpassé, was included in the study.
SP IPTp has been recommended by the Beninese Ministry of Health since 2004 and has been applied since 2006.
Enrollment. Enrollment was done at antenatal care visits. Women of all gravidities of 16-28 weeks' gestation who had no history of a neurologic or psychiatric disorder and who had not either previously used SP or MQ or reported having adverse reactions to medications containing sulfa were eligible to participate. Eligible women were included in the study after they provided signed, written informed consent. Beginning in May 2006, HIV screening was routinely undertaken in the study area. Women who were known to be HIV infected before enrollment were not recruited because, according to World Health Organization (WHO) [5] and national recommendations, they should receive 3 (rather than 2) IPTp doses.
Sociodemographic characteristics, obstetric history, and measures for the prevention of malaria were collected. Gestational age was estimated using the date of the last menstrual period and/or by measurement of uterine fundal height. Venous blood samples were collected for determination of the hemoglobin (Hb) level, and thick and thin blood smears were performed to detect malaria.
Follow-up. The second IPTp dose was administered from 30 weeks of gestation and at least 1 month after administration of the first dose, and the same biological tests that were performed at enrollment were performed again.
Adverse events (AEs) were recorded-using an open-labeled questionnaire-during visits at home occurring within 1 week after each IPTp intake. Symptomatic medications were given when needed.
If malaria was diagnosed at the time of IPTp administration, no antimalarial drug other than SP or MQ was given. A smear was made 5 days later, and quinine was given in case of persistent parasitemia. Outside of their scheduled visits, women received quinine treatment for 7 days after malaria was confirmed by a thick blood smear. Women with anemia received ferrous sulphate plus mebendazole and were referred to the Hô pital de Zone if they were symptomatic.
Intervention. Randomization of subjects was stratified according to maternity clinic and gravidity (primigravidae vs multigravidae), with subjects randomized in blocks of 4. The allocation sequence was not concealed.
The treatment consisted of 2 doses of SP (1500 mg of sulfadoxine and 75 mg of pyrimethamine per dose; Ajanta Pharma and PharmaQuick) or MQ (15 mg/kg per dose; Mepha). Drugs were controlled by the national reference laboratory.
Drugs were administered under observation. The dose was readministered when vomiting occurred within 30 min after intake. For the second IPTp dose, the treatment group was changed (those in the SP group were switched to the MQ group, and those in the MQ group were switched to the SP group) in case of cutaneous reactions or severe neuropsychiatric symptoms.
Women who were already enrolled in the study and who were found to be HIV infected during the trial (8 of whom were receiving MQ and 4 of whom were receiving SP) were reassigned to the SP group if they originally had been randomized to the MQ group; regardless of their randomization group, they received a third dose of SP. They also were given antiretroviral therapy for the prevention of mother-to-child trans- Figure 1 . Study profile. *Seven women were excluded because they were included twice (only their first pregnancy was considered for analyses); 1 woman (who was receiving sulfadoxine-pyrimethamine [SP]) was excluded because she was not pregnant. **Modified intention-to-treat (ITT) analysis from which women lost to follow-up, twins, and stillborn infants were excluded. †Forty-three women who had troublesome vomiting and dizziness after receiving the first dose of mefloquine (MQ) received the second dose in 2 supervised intakes on the same day. AE, adverse event; IPTp, intermittent preventive treatment during pregnancy; PP, per-protocol analysis.
mission of HIV, as well as cotrimoxazole prophylaxis if the CD4 cell count was !500 cells/mL.
All women were prescribed daily ferrous (400 mg) and folic (5 mg) supplementation (Beninese Ministry of Health recommendation).
Delivery. During labor, venous blood samples were collected for Hb dose determination and malaria diagnosis. After delivery, blood smears were made from the maternal side of the placenta and the umbilical cord. Newborns were weighed using an electronic scale (Seca; accuracy of the scale, ‫001ע‬ g). Gestational age was determined using the Ballard score [18] , as assessed by a single specifically trained midwife (at a median of 14 h after birth).
If women delivered outside the study maternity clinics, details of the delivery outcome were collected through antenatal care cards. Hb level, malaria parasitemia, Ballard score, and birth weight were assessed if the women attended the study center immediately after delivery. Finally, mothers were seen 6 weeks postpartum, to check the health of the infant and to search for AEs.
Laboratory investigations. Hemoglobin was measured using a colorimeter (Anadeo; 540 nm). Thick and thin blood smears were stained with Giemsa stain. Parasite density was determined according to the number of parasites per 500 or 200 leukocytes (with !10 or у10 parasites detected in the first microscope fields, respectively) and under the assumption of an average leukocyte count of 8000 cells/mL. All the placental smears and a randomized sample of 15% of all other smears were read independently by 2 microscopists. In case of discrepancy, a third reading was done.
Blinding.
The trial was open, because the 2 drugs were different in look and taste. However, selection and randomization were done independently, and the assessors of the outcomes remained blind to the treatment arms.
Sample size. We calculated that 1610 women (805 per treatment group) had to be recruited to establish the equivalence between treatments for LBW (a prevalence of 12% was expected in both groups, because the prevalence of LBW in the study area was 16% before implementation of IPTp [19] ), using a 5% equivalence margin, 80% power, and a 2-sided a of 0.025 (NQuery). We chose 5% as the equivalence margin, because it was the best compromise between the highest difference in LBW that was acceptable for equivalence and logistical and financial constraints.
Statistical analysis. We conducted a planned-interim analysis of the first 150 deliveries. Because there were neither relevant treatment differences with regard to LBW nor unacceptable adverse events, no modifications were requested by the data and safety monitoring board (DSMB).
The primary efficacy end point was the proportion of LBW infants (those with a body weight of !2500 g). The secondary end points were the proportions of women with placental malaria infection (ie, presence of asexual-stage parasites in the placental thick blood smear), maternal anemia (Hb, !10 g/dL), and severe maternal anemia (Hb, !8 g/dL) at delivery. The ancillary end points were the prevalence of maternal peripheral malaria at delivery, cord blood malaria, stillbirth (delivery of a dead child after 28 weeks' gestation), spontaneous abortion (expulsion of a fetus before 28 weeks' gestation), and prematurity (birth before 37 weeks' gestation), as well as the mean birth weight and mean maternal Hb level at delivery.
For assessment of LBW, only live singleton births were analyzed. The analysis was performed on the modified intentionto-treat (ITT) population of women who completed the study (and for whose infants information on birth weight was collected) and was based on the treatment randomization group. The analysis was also conducted for the per-protocol (PP) population, excluding women who were lost to follow-up, were HIV infected (regardless of their randomization group), received the second IPTp dose in 2 intakes, or changed treatment group during follow-up. In addition, a second ITT analysis was performed in which women who were lost to follow-up were assumed to have a bad outcome (ie, a LBW infant). Because gravidity is likely to be an important effect modifier (ie, there are more deleterious effects of malaria in primigravidae), ITT and PP analyses were also stratified according to gravidity.
MQ and SP were considered to be equivalent if the 2-sided 95% confidence interval for the difference in LBW between treatments fell entirely within the interval (Ϫ5% to 5%) in both the modified ITT analysis and the PP analysis.
For secondary and ancillary end points, the analyses were performed in both the ITT population (with missing data excluded) and the PP population, and they included data on twins, stillbirths, and miscarriages (except for the analysis of prematurity). The treatment effect was estimated using the relative risk for categorical variables and linear regression for continuous variables.
Only crude analyses are presented, because adjusted analyses provided similar results. Differences between proportions were compared using the test or Fisher's exact test. Data analysis 2 x was performed using Stata software (version 8.0; Stata).
Ethics. The Comité Consultatif de Déontologie et d'Ethique (France) and the ethics committee of the University of Abomey-Calavi (Benin) approved the study protocol and its amendments.
RESULTS
Study population.
Overall, 1609 women were randomized to receive treatment (805 received MQ and 804 received SP). Eight women were excluded a posteriori, 1 of whom was not pregnant and 7 of whom had 2 consecutive pregnancies (only the first pregnancy was considered in this analysis). A total of 1601 women (802 who received MQ and 799 who received SP) were considered for analyses ( figure 1 ). Characteristics at baseline were similar for women in the 2 treatment groups (table 1) .
Follow-up. In both groups, the mean (‫ע‬SD) gestational age at the time of the first and second administrations of IPTp was 24 ‫ע‬ 2.8 and 33 ‫ע‬ 2.3 weeks, respectively. Women in the MQ group received a median dose of 812.5 mg (14.5 mg/kg) (interquartile range [IQR], 750-1062.5 mg or 14-14.8 mg/kg). The second dose was not administered to 9% of women receiving MQ and 8% of women receiving SP. The main reasons for failure to administer the second dose (MQ group vs SP group) included travel (27% vs 34%), refusal because of the occurrence of an AE after the first dose (26% vs 16%), insufficient motivation (11% vs 29%), and delivery before administration of the second dose (24% vs 11%).
Overall, 248 (15.5%) of 1601 women (the same proportions in both treatment groups) delivered outside the study maternity clinics. The main reasons included transfer in Cotonou for a high-risk delivery, travel outside the study area, or transportation difficulties. For those women, birth weights were recorded from antenatal care cards, except for the 5% of women who were considered to be lost to follow-up. Compared with women who completed the study, women lost to follow-up were significantly younger and were more likely to be primigravid or to have parasitemia at enrollment (data not shown).
Efficacy of study regimens. A total of 1465 birth weights were collected (with weights for stillborn or miscarried infants and twins excluded). In the modified ITT analysis, LBW infants were born to 8% of women receiving MQ and to 9.8% of women receiving SP (difference between low birth weights in the treatment groups, Ϫ1.8%; 95% CI, Ϫ4.8% to 1.1%]), establishing equivalence between treatments. The PP analysis showed consistent results ( By stratifying according to gravidity, we did not show any significant difference between groups in terms of LBW either in primigravidae or in multigravidae, but sample sizes had a low power to detect a difference between groups (table 2) .
Placental and peripheral parasitemia at delivery were detected in 82% and 84% of the women. They were significantly less prevalent in the MQ group than in the SP group (1.7% vs 4.4% [ ] and 1.5% vs 3.6% [ ]) (tables 3 and 4). P p .005 P p .03 At delivery, the Hb level was measured for 79% of cases. Women in the MQ group were less likely to have anemia than were women in the SP group, although the difference was only marginally significant (16% vs 20%; ) (table 3) . P p .09 During follow-up (apart from the antenatal care visits for IPTp administration and delivery), 8 women in the MQ group and 21 women in the SP group were treated for у1 symptomatic malaria episodes with quinine (26 cases/10,000 personmonths vs 68 cases/10,000 person-months;
). Three P p .007 NOTE. Data are no. of births for which LBW was detected/no. of live singleton births analyzed (% of births for which LBW was detected). Mefloquine (MQ) and sulfadoxine-pyrimethamine (SP) were considered to be equivalent if the 95% confidence interval (CI) for the difference in LBW between drug groups fell entirely within the equivalence margin (Ϫ5% to 5%). IPTp, intermittent preventive treatment during pregnancy; ITT, intention-to-treat analysis; PP, perprotocol analysis; RR, relative risk.
a Women lost to follow-up, twins, and miscarriages were excluded. b Data denote significant equivalences. women had 2 episodes. In both groups, the mean (‫ע‬SD) time between malaria cases and the last IPTp intake (first or second dose) was 52 ‫91ע‬ days.
Delivery outcomes. The incidences of spontaneous abortions, stillbirths, and congenital anomalies did not differ significantly between groups, although they were higher in the MQ group than in the SP group (table 4) .
A cause for stillbirth or abortion was found for 38% of the MQ group and 25% of the SP group, thus decreasing the probability of an effect due to the drug (table 5) . Malaria at delivery was diagnosed for 1 of 19 women who had a stillbirth or abortion. The median (IQR) time between the events and the last IPTp intake was 46 days (22-86 days) and 65 days (39-82 days), in the MQ and SP groups, respectively.
There were 5 maternal deaths in the MQ group. Of them, 4 were associated with obstetric causes (1 disseminated intravascular coagulation with hyperfibrinogenolysis, 2 peripartum hemorrhages, and 1 uterine rupture), and one remained unexplained.
Adverse events: mothers. The proportion of women who reported an AE was significantly higher in the MQ group than in the SP group (78% vs 32%; ) (figure 2). The most NOTE. Data are no. of outcomes detected/no. of deliveries analyzed (% of outcomes detected), unless otherwise indicated. CI, confidence interval; ITT, intention-to-treat analysis (missing data excluded); NA, not applicable; PP, per-protocol analysis; RR, relative risk.
a Statistically significant result ( ). P ! .05 b Defined as birth at !37 weeks' gestation, according to the Ballard score. Rates were calculated only for live singleton births. When all children (ie, twins and stillbirths included) were considered, 11 (0.9%) of 1282 were premature.
c Spontaneous abortion was defined as the expulsion of a fetus before 28 weeks' gestation, and stillbirth was defined as the delivery of a dead child after 28 weeks' gestation. Spontaneous abortions and stillbirths were pooled for the estimation of the RRs.
common complaints were vomiting, dizziness, tiredness, and nausea. They lasted a median of 24-48 h. There were less AEs after the second IPTp dose than after the first IPTp dose (72% and 39%, respectively, in the MQ group vs 27% and 13%, respectively, in the SP group). Of the women who received 2 IPTp doses, 33% of the MQ group and 8% of the SP group reported an AE after both intakes. A total of 28% of the women in the MQ group and 5% of the women in the SP group received medical care at the maternity clinic because of an AE (mainly vomiting and dizziness). One woman (without a personal or familial history) had a severe neurologic AE consisting of confusion, anxiety, dizziness, and insomnia 4 h after intake of 750 mg of MQ (17 mg/kg). The symptoms resolved spontaneously within 3 days, without hospitalization.
Adverse events: neonates and infants. Neonatal icterus was noted in 5 of 747 children in the MQ group and in 7 of 753 children in the SP group. None had neurologic symptoms. A total of 10 (1.4%) of 738 and 12 (1.7%) of 721 neonates in the MQ and SP groups, respectively, died during the 6-week follow-up. In both groups, 175% of deaths were explained; they were related to prematurity, infection, or malformation.
DISCUSSION
In the context of the increasing resistance of P. falciparum to SP and questioning its useful lifespan for IPTp, we showed, for the first time, that 2 doses of MQ IPTp were equivalent to 2 doses of SP IPTp in the prevention of LBW. Also, MQ was found to be more efficacious than SP in the prevention of symptomatic malaria, placental and peripheral malaria infections at delivery, and maternal anemia, although it was only marginally significant for the latter.
During the trial, almost all women received 5 mg of folate daily, which could have impaired the efficacy of SP against malaria [20, 21] . Although the parasitologic efficacy of SP IPTp may have been decreased, at least partly, it retains a substantial clinical efficacy to prevent LBW, as is shown by the preinvestigation study, when chloroquine prophylaxis was used [19] . We tested the equivalence, rather than the superiority, of MQ and SP regarding LBW, because we postulated that, despite a significant rate of failure of SP in children living in the same study area [16] , the drug remained efficacious in protecting semi-immune pregnant women. A similar finding had been shown with the use of chloroquine chemoprophylaxis in the same area [22] . Also, a recent meta-analysis confirmed that SP IPTp continued to benefit pregnant women in areas of up to 39% resistance to SP by day 14 in children !5 years of age [7] .
We used birth weight as the primary end point, because it is a good public health indicator of the consequences of malaria in pregnancy, and it was correlated with the efficacy of IPTp in several studies [6, 23, 24] . Recently, in the same study area, we showed that the risk of LBW was 2.5-fold lower with IPTp (either SP or MQ) than with chloroquine chemoprophylaxis [19] .
There were very few losses to follow-up with regard to LBW, and we made sure that the proportions and baseline characteristics of those women were comparable between groups. Secondary end points were not determined for ∼20% of women, who mainly had delivered outside the study centers. Because the reasons why they delivered in another center, as well as their characteristics at baseline, were comparable between groups, it is unlikely that it could have biased our results. Finally, HIV status was determined for only 50% of the women. Because HIV infection is associated with both higher risks for malaria and LBW and a lower efficacy of IPTp, it may have acted as a confounder. However, the prevalence of HIV was low (2%) in the study area.
Although a curative dose of 25 mg/kg has been recommended in Southeast Asia, where resistance to MQ is high, a lower dose (15 mg/kg) has been shown to be efficacious in areas of low resistance [25] , as in most parts of Africa. In our study, 15 mg/ kg MQ proved to be efficacious enough for IPTp, even if it is unclear whether either full protection from infection in semiimmune women or only suppression of parasitemia to lowgrade controlled levels is required to prevent malaria-associated LBW. Also, this dosage allowed administration in a single supervised intake, with the expectation of lower AEs [26] . In contrast, it could theoretically increase the risk for selection of resistance.
Despite having fair tolerance of MQ at prophylactic doses, 78% of the women in the MQ group reported experiencing AEs. However, the decreased proportion of AEs that we observed in both groups after the second IPTp dose suggests a possible overexpectation of AEs in the community where discussions had been organized before the first administration of IPTp. Most of the symptoms were mild and resolved fast and spontaneously, although 5.5% of the women in the MQ group were unwilling to receive the second dose and 2% refused it (the corresponding values for women in the SP group were 2% and 1%). Also, 1 in 802 women in the MQ group had a serious neuropsychiatric episode (consistent with the literature [27] [28] [29] ), which may cause concern regarding the acceptability of MQ for routine programmatic use in pregnancy. A split dose of 10 mg/kg and 5 mg/kg given over 2 days or 6-8 h apart may be better tolerated-as has been shown for a dose of 25 mg/kg [26, 30] -without lowering the total dose [31] . Finally, to determine the optimal mefloquine dosage regimen for IPTp in Africa, pharmacokinetic data need to be collected for asymptomatic African pregnant women, who may well have pharmacogenetic differences from symptomatic Asian women, for whom pharmacokinetic parameters have already been reported elsewhere [32, 33] .
In our trial, the proportion of both stillbirths and spontaneous abortions was not statistically different between groups, although it was slightly higher in the MQ group. However, the sample size was sufficient to detect a 70% increased risk of stillbirths in the MQ group, as was previously suggested in a study of Karen women treated with 25 mg/kg MQ [34] . This finding had not been reported in a larger prospective trial of MQ prophylaxis (250 mg per week) in Malawian pregnant women [35] or during postmarketing monitoring by the manufacturer of MQ [36, 37] . Also, the proportion of congenital anomalies did not differ significantly between groups. Because women received IPTp late during pregnancy, it is most unlikely that MQ was responsible for the 3 major anomalies that were reported. However, to be definitively sure of the safety of MQ during pregnancy, larger studies are needed because stillbirths and congenital anomalies are rare outcomes.
Although it is likely that SP will soon have to be replaced by a more effective antimalarial drug, it is not clear when this change becomes necessary. In our study area, where the rate of SP treatment failure by day 28 was estimated to be 50% in children [16] , the protection that SP IPTp provided to pregnant women receiving SP for IPTp (10% of whom had LBW infants and 4.4% of whom had placental malaria) was higher than that provided by chloroquine chemoprophylaxis, particularly against placental malaria (16% and 17%, respectively) [19] . These results are consistent with the findings of ter Kuile et al [7] , which showed that SP IPTp can be continued in areas of SP resistance and suggested that the in vivo efficacy of SP should be monitored specifically in pregnant women and not in young children.
MQ proved to be an interesting option for IPTp in terms of efficacy (resulting in equivalent proportions of LBW, lower risk of placental and peripheral parasitemia, and fewer episodes of malaria than were noted for SP). However, its moderate tolerability raises some concerns about its acceptability in a pragmatic context and may limit its use for IPTp. MQ remains a very efficacious drug for use in IPTp, and, at present, it is the only alternative to SP. However, further data on its tolerability and safety should be gathered before it is recommended systematically. Also, pharmacokinetics studies are needed to determine the best dose regimen for MQ IPTp. A split dose of 15 mg/kg may be an interesting option, because it could be better tolerated.
